A troponin-like complex has been isolated from bovine brain cortex. This tropinin-like complex, with brain tropomyosin, confers Ca2+ sensitivity to the actin-activated myosin adenosinetriphosphatase (ATP phosphohydrolase, EC 3.6.1.3). That is, the Mg2+-stimulated ATPase activity generated by the interaction of purified muscle actin with muscle myosin is inhibited in the absence of Ca2+ but not in the presence of Ca2+ as a result of the addition of both brain tropomyosin and troponin-like complex. The troponin-like complex contains three components, one of which is similar in molecular weight to the troponin-T of skeletal actomyosin.
Striated muscle actomyosin is associated with a tropomyosintroponin protein complex which, in the presence of ,uM concentration of free Ca2+, generates Mg2+-stimulated adenosinetriphosphatase activity (ATPase; ATP phosphohydrolase, EC 3.6.1.3). Earlier studies indicated that the Mg2+-stimulated ATPase activity of brain actomyosin was similarly sensitive to AM concentrations of free calcium (1) . Subsequently, a crude regulatory protein preparation was obtained from bovine brain cortex that modulated the Mg2+-stimulated ATPase activity of brain and skeletal muscle actomyosins from which the Ca2+ regulatory complex had been removed (2) . These findings suggested that this crude regulatory protein preparation from brain may contain a tropomyosin-troponin-like complex similar to that of striated muscle actomyosin. Although tropomyosinlike protein has been isolated directly from chick brain (3), this does not a priori prove the presence of troponin. In some invertebrate muscle (4, 5) as well as smooth muscle (6) , though tropomyosin has been isolated, troponin is not part of the Ca2+ regulatory system. Therefore, the isolation of tropomyosin and troponin-like complex from the crude regulatory protein preparation was attempted. Preparation of Proteins. Muscle myosin and actin were prepared by the methods described by Richards et al. (7) and Spudich and Watt (8) , respectively. The G-actin was lyophilized in the G-form and stored at -20°. The myosin was stored in 50% (vol/vol) glycerol at -20°. Heavy meromyosin was prepared by the procedure of Ikemoto et al. (9) . Muscle tropomyosin was prepared by the method described by Bailey (10) .
Crude regulatory protein was prepared from bovine brain using the method of Greaser and Gergely (11) as modified by Mahendran and Berl (2).
Preparation of Regulated Muscle Actin. Polymerized actin devoid of the tropomyosin-troponin complex was considered to be the deregulated actin. In the preparation of regulated actin, lyophilized muscle G-actin and a crude preparation of brain regulatory protein in the ratio of 1:3 were solubilized in a medium consisting of 0.5 mM ATP, 0.5 mM 2-mercaptoethanol, 0.2 mM CaCl2 and the pH was adjusted to 7.5 with 2 M Tris. The final concentration of actin was always more than 1 mg/ml. Polymerization was induced with 0.1 M KC1 and 5 mM MgCl2 for 2.5 hr at room temperature. The polymerized actin was centrifuged at 100,000 X g for 1 hr and the pellet was suspended in 10 mM Tris-HCl (pH 7.6) containing 0.1 M KCI and 1 mM MgCl2.
Isolation of Tropomyosin from Crude Regulatory Proteins. The method of Fine et al. (3) was applied to the bovine brain crude regulatory proteins for the preparation of brain tropomyosin. 0.4 g of crude regulatory proteins was solubilized in 10 ml of 1 M KCI/2 mM 2-mercaptoethanol/10 mM Tris-HCI buffer (pH 7.5). The protein solution was heated in a boiling-water bath for 10 min and subsequently centrifuged at 100,000 X g for 1 hr. The pH of the supernatant was adjusted to 4.1 with 0.1 M HCO and the suspension was centrifuged at 100,000 X g for 20 min. The protein pellet was solubilized in 10 ml of 0.2 M KCI/30 mM potassium phosphate buffer at pH 7. Ammonium sulfate precipitation was carried out and the fraction precipitating at 40-55% saturation was solubilized in 2 ml of 0.05 M Tris-HCI buffer, pH 7.6. The solubilized protein was dialyzed against 500 ml of the same solvent overnight. The dialysate was centrifuged at 100,000 X g for 20 min and the supernatant was lyophilized. The yield was 4.2 mg.
Isolation of Troponin-Like Complex. A modification of the method of Eisenberg and Kielley (12) for the separation of pure troponin complex from striated muscle native tropomyosin (tropomyosin-troponin complex) was utilized. The crude regulatory proteins (0.8 g obtained from two bovine brains) were solubilized in 25 ml of 5 mM Tris.HCl buffer (pH 7.6) containing 0.1 mM dithiothreitol and subsequently centrifuged at 100,000 X g for 20 min. The supernatant was adjusted to pH 4.1 with 0.1 M HCL. The flocculent precipitate was pelleted at 37,000 X g for 30 min and the supernatant was dialyzed overnight against 500 ml of 1 M KCI/5 mM 2-mercaptoethanol/2 mM imidazole-HCI (pH 7). The dialysate was centrifuged at 100,000 X g for 30 min. The supernatant containing 400 mg of protein was loaded on to a hydroxyapatite column (2.5 X 25 cm) which had been equilibrated with 1 M KCI/1 mM dithiothreitol/1 mM phosphate buffer (pH 7.0). The column was eluted with a linear phosphate gradient generated from 1 liter of 1 a high Mg2+-stimulated ATPase activity, a 20-to 30-fold stimulation over the activity shown by myosin alone, but had little calcium sensitivity (18%). On the other hand, myosin on crossreaction with regulated actin also generated a high Mg2+-ATPase activity, approximately of the same order as with deregulated actin. In addition, the regulated actin conferred Characterization of Brain Tropomyosin. The protein isolated from crude regulatory protein preparation by extending the specific method developed for isolation of muscle tropomyosin yielded essentially a single band on gel electrophoresis (Fig. 4) . The molecular weight of brain tropomyosin is less than that of muscle tropomyosin, as reported earlier by Fine et The ATPase assay system has been described in the legend for Table 2 . The ratio of myosin/actin was 1:3; the ratio of actin/brain tropomyosin/fraction (Tn) Control of Muscle Actin-Myosin Interaction by Brain Tropomyosin and Fraction (Tn). Brain tropomyosin and fraction (Tn) had no effect on Mg2+-stimulated ATPase activity of either myosin or actin alone. The Mg2+-stimulated ATPase activity of actin plus myosin was inhibited by either brain tropomyosin or fraction (Tn), by the latter more than by the former (Table 3) . Either one alone did not confer Ca2+ sensitivity to the actomyosin complex. On the other hand, when fraction (Tn) was present together with brain tropomyosin, significant Ca2+ sensitivity was generated and the ATPase activity was slightly elevated. Electrophoretic analysis showed that this fraction is mainly composed of three components (Fig. 6) . The molecular weights of the three components have been estimated as 36,000, 17,500, and 14,500 by the procedure of Weber and Osborn (15) (Fig. 7) . A minor band of molecular weight approximately 40,000 was also present.
DISCUSSION
The method described by Greaser and Gergely (11) for the isolation of tropomyosin-troponin from skeletal muscle was applied to bovine brain cortex. A crude regulatory protein preparation was obtained having the capacity to confer Ca2+ sensitivity on desensitized skeletal and brain actomyosin (2) . In the present studies polymerization of deregulated muscle G-actin in the presence of this crude regulatory protein preparation from brain resulted in the formation of regulated Factin. The regulated actin conferred high Ca2+ sensitivity when added to muscle myosin. Deregulated actin under similar conditions showed only a small Ca2+ sensitivity; this was probably due to trace amounts of contamination by regulatory proteins. Similar observations have been made by Spudich and Watt (8) and Eisenberg and Kielley (12) . The Ca2+ sensitivity observed with regulated actin could not have been due to a contaminant in the crude regulatory protein preparation because the latter neither had Ca2+-stimulated ATPase activity nor generated such activity with actin. Similar to chick brain tropomyosin (3), the bovine brain tropomyosin also had a molecular weight less than that of muscle tropomyosin and formed paracrystals.
When brain tropomyosin was added to muscle myosin and actin there was a small decrease in Mg2+_stimulated ATPase activity but no effect on Ca2+ sensitivity. A similar finding was reported for muscle tropomyosin (8, 12 due to the relative amount of troponin-I in the troponin preparation. However, when brain tropomyosin and fraction (Tn) were crossreacted with muscle myosin and actin, Ca2+ sensitivity (60%) was generated. Again the Ca2+ sensitivity could not be due to hydrolsis of ATP by contaminating enzymes that require Ca2+ in brain tropomyosin or fraction (Tn), because brain tropomyosin and fraction (Tn) alone did not have any ATPase activity or generate enzyme activity with either myosin or actin.
These observations unequivocally indicate that brain fraction (Tn) is a troponin-like complex which, in combination with brain tropomyosin, can replace the tropomyosin-troponin complex of muscle, thus conferring Ca2+ sensitivity to the interaction between actin and myosin. Puszkin and Kochwa (16) have recently isolated an actin-relaxing complex from rat brain, which on electrophoretic analysis appears to have troponin-like components. In the present study components of the protein complex responsible for Ca2+ sensitivity in brain, except for troponin-T, appear to be of lower molecular weight than those of skeletal muscle. A troponin-like complex has been demonstrated in platelets (17) and has been isolated from Dictyostelium discoideum (18) . In the platelets, two components were also of lower molecular weight than that of striated muscle, but similar to that found in brain. In all three nonmuscle sources the smallest component was approximately 15 ,000 in molecular weight and may correspond to troponin-C. Depending on source of material, method of determination, and laboratory, the molecular weight of troponin-C, including calcium-binding proteins that may have troponin-C-like properties, has varied from 11,000 to 22,000 (11, 17, (19) (20) (21) (22) (23) of troponin-I also appears to vary with the source. The skeletal muscle protein is 22,000-24,000 (11, 23) , whereas in lobster muscle it is 32,000 (24) and in Dictyostelium discoideum there is a 30,000 molecular weight component which may be equivalent to troponin (18) . The minor band of molecular weight approximately 40,000 may be similar to the protein that copurifies with the striated muscle troponins (25) . Recently it has been identified as creatine kinase (26) .
Watterson et al. (27) have shown the existence in bovine brain of a calcium-binding protein that activates cyclic nucleotide phosphodiesterase and has structural similarities to striated muscle tropinin-C. Amphlett et al. (28) demonstrated that this protein can replace troponin-C in the troponin complex of skeletal muscle actomyosin. However, troponin-T is not required for the restoration of Ca2+ sensitivity to the Mg2+-stimulated ATPase of muscle actomyosin. The troponin-C-like protein of Fine et al. (29) , on the other hand, does require troponin-T for restoration of calcium sensitivity to skeletal actomyosin ATPase. In addition, skeletal muscle troponin-C does not have phosphodiesterase-activating properties (30) . It appears, therefore that more than one brain protein can have troponin-C-like properties. Our approach has been to isolate the troponin complex as a unit and then study the individual components. The troponin complex isolated as a unit should contain the troponin-C that would be associated with the brain actomyosin in the tissue.
